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Effect of Minoxidil on Cultured Keratinocytes 
H OWARD P . B AD EN , M .D . AND JOS EPH KUB ILUS, P H.D. 
Department of Dermatology, Harvard Medical School, Massachusetts General Hospital, Boston, Massachusetts, U.S.A. 
Minoxidil has been shown to stimulate hair growth 
a nd these studies were underta k en to determine whether 
the drug had a direct effect on k er a t inocytes . Cultures 
of huma n epidermal cells w er e treated with minoxidil 
and it w as found that they survived longer than control 
cul tures. In addition, minoxidil p r olonged the time that 
cells could be passed after reaching confluence. The 
results suggest that minoxidil slows the senescence of 
keratinocy tes, which is similar to what has been found 
with epiderma l growth factor. 
Minoxid il , a drug used for t he treatment of hyper tension 
[1,2], has the unique side effect of increasing t he growt h of 
vellus ha ir [3,4]. T his has bee n observed fo llowin g both ora l 
and topical use [5-7] . The mechanism for t he stimulation of 
hair growt h is unknown, but it has been postulated t hat vaso-
dilatation of skin blood vessels could be responsible fo r t he 
effect. S ince vasodilatation of t he skin is not consistent ly 
associated wit h enhanced ha ir growt h, we considered that mi -
noxidil might stimulate ha ir matri x cells directly and chose to 
study epidermal ce lls, from which ha ir is derived. Epidermal 
cells can be grown and studied in t issue cult ure [8] but ha ir 
matrix cells cannot. We now report t hat minoxidil slows the 
senescence of cult ured human epidermal cells, which is s imila r 
to t he action of epidermal growth fac tor [9]. 
MATERIALS AND METHODS 
Epidermal cells were isolated from newborn human infant foreskins 
and cul tured on mitomycin C-treated murine 3T3 cells using Dulbecco's 
modified Eagle's medium containing 20% fetal calf serum with 0.4 p.gf 
ml of hydrocortisone and 50 p.g/ml of gentamycin as described previ -
ously [10]. Epidermal growth factor (EGF) (Collaborative Research, 
Waltham, Massachusetts), cholera toxin (CT) (Sigma Chemical Co., 
St. Louis, Missouri ), and minox idil (kindly provided by The Upjohn 
Company) were dissolved directly in cu lture medium and these solu-
tions, after sterilization by fil t ration, were added to the cells as needed 
for a particular experiment. These drugs were always added 3 days 
after plating to be certa in that the number of cells that sat down were 
the same in cont rol and t reated culture. The concentration of minoxidj) 
used between 3 and 7 days never exceeded 20 J.Lg/ml , since at higher 
levels the morphology of the feeder cells was altered. When minoxidil 
was used at higher concentrations than 20 p.g/ml, it was added after 7 
days of growth. In order to produce a permanent record of the cultures, 
the plates were fixed with 10% fo rmalin and stained wi th Giemsa's 
stain . 
T he isolation of proteins from cul tured cells was accomplished by 
rinsing the plates wi th phosphate-buffered saline (PBS), scraping off 
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the cells, and homoge nizing them in 0.05 M T ris, pH 7.5, with a ground 
glass homogenizer at 4•c. After cent ri fugation at 30,000 g for 30 min 
at 4•c the insoluble pellet was extracted sequentially with 0.1 M citrate 
buffer, pH 2.65, at 4 · c and 0.05 M Tris buffer, pH 9.0, containing 8 M 
urea and 0.1 M /3-mercaptoethanol (TUM) at room temperature (11 ]. 
The cell envelope precursor proteins were ident ified by homogenizing 
the cells in 0.05 M Tris, pH 7.5, wi th 0.001 M EDTA and 0.5 mg/ml 
dansyl cadaverine (1 2]. Afte r centrifugation the supernatants were 
made 0.01 M in calcium and 0.002 M in di thiothreitol and incubated at 
37•c for 3 h. The reaction mixture was then prepared for sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
P rotein was determined by the Bio-Rad method and SDS-PAGE 
was done by the Laemmli technique [13]. Fluorescent bands we re 
detected by examining the gels with a Wood's lamp in the dark and 
the amount of protein in Coomasie-stained bands was quantitated 
using a scanning densitometer. 
The percent of cells having a cornified envelope was determinEd by 
counting them in a hemocytometer before and afte r t reatment wi th 10 
mM phosphate buffe r, pH 7.2, containing 2% SDS and 25 mM di thio-
threitol for 15 min at 9o·c [14]. This was done on cells shed into the 
culture medium and those t rypsinized from the culture plates. 
RESULTS 
Huma n epidermal cells cult ured on a 3T 3 feeder layer at-
tac hed wit hin 48 h, formed colonies which expanded by periph-
era l growt h, and reached confluence in about 7-10 days. The 
doubling t ime was about 24 h when only hydrocortisone was 
present in t he medium. The opt imum t ime t o pass cells was 
just before t hey reached confluence, s ince at late r t imes t he 
tot a l number of cell generat ions t hat could be reached de-
creased. Cell s t hat were maintained at confluence gradually 
lost. t he capacity to be passed and event ually peeled off t he 
dish. The t ime after confluence when cells could be passed 
varied from 2- 8 weeks in diffe rent ce ll lines . This t ime was 
a lways shor ter in lat e-passage cells compared to early-passage 
ones using t he same cell li ne. 
The toxicity of minoxidi l fo r cult ured keratinocytes was 
tes ted by addi t ion of t he drug at diffe rent concentrations to 
confluent cult ures. Cul tures t reated for 1 week wit h minoxidil 
at concent rations of 70 !Lg/ml and below showed no difference 
in morphology compared to n ormal cont rols. Above 100 !Lg/ml 
t he cells showed a progressive change in their appearance a nd 
above 200 llg/ml t he cul tures separated from t he p la tes after 
18 h of t reatment . K eratinocytes t reated for 48 h wit h 70 !Lg/ 
ml of minoxidil and t hen passed had a plating effi ciency iden-
t ical to cont rol cells and reached confluence at the same t ime-
furt her evidence for lack of toxicity. 
The effect of minoxidil on t he survival of cul t ures after 
reaching confluence was studied in diffe rent cell lines at a 
concent ration of 70 !Lg/ml. In a ll cases t he minoxidil-trea ted 
plates rema ined intact. lon ger t han con t rol cul t ures, as shown 
in Fig 1. 
Minoxidi l t reatment (70 !Lg/ml) was a lso found t o prolong 
the t ime after confluence that cul t ured keratinocytes cou ld be 
passed. The cont rol and treated ce lls were plated into fresh 
medium wit hout minoxidi l at diffe rent t imes after confluence 
using 200,000 cells/35-mm P etri dish . Wit h some cell lines no 
diffe rence was observed betwee n cont rol and t reated cells for 
up to severa l weeks. The ea rliest observable minoxidi l effect 
was a difference in the size of the colonies in t he passed cells, 
as shown in Fig 2. When stained cultures were examined by 
light microscopy, it was clea rly eviden t that the increase in size 
of colonies was assoc iated with increased number of cells per 
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FIG 1. Appea rance of control (C) and minoxidil (M) cultures 7 
weeks afte r confluence. Many of the cells have peeled off the control 
plate leaving open space, while the minoxidil-treated plate is almost 
tota lly intact. 
cs MS C8 M8 
FIG 2. Appearance of cultures that were passed after 5 and 8 weeks 
at conf1uence and then allowed to grow for 1 and 2 weeks, respectively. 
The minoxidil (M 5 and MB)-treated cul tures have larger colonies than 
the control cultures ( C5 and CB). In addit ion, some of the cultures 
passed after 5 and 8 weeks were allowed to continue growing. The 5-
week minoxidil and control cultures grew to confluence but the latter 
took longer. The 8-week minoxidil culture grew to confluence but the 
control culture did not. 
colony. T his growt h difference became more pronounced in 
passages started at later t imes after confluence. Eventually, t he 
cont rol cul tures fa iled to grow at all even t hough some keratin -
ocytes appeared to attach. 
The minimal concent ration of minoxidil t hat prolonged t he 
surviva l of cult ures after reaching confluence was 4-20 11g/ml. 
The lowest concen t ration tested t hat prolonged t he t ime t hat 
cul tured keratinocytes could be passed after reaching conflu -
ence was 20 11g/ml. 
S ince EGF was shown to increase t he cult ure lifetime of 
epiderma l cells, its ability to prolong t he t ime after confluency 
that keratinocytes could be passed was investigated [9). EGF 
(10 11g/ml ) gave results ident ical to t hat observed wit h minox-
idil , as shown in F ig 3. Furthermore, t he E GF and minoxidil 
effects were addi t ive (Fig 3). CT can also increase the culture 
lifetime of keratinocytes [15], but cells t reated wit h t his cAMP-
elevating agent behaved similar to cont rol cul tures. 
The total a mounts of prote in and its distribut ion in t he 
neut ral, cit rate, and T UM buffers were s imila r fo r cont rol and 
minoxidil- treated cul tures, as shown in T able I. SDS-PAGE 
patterns of the same ext ract of control and t reated cells showed 
no consisten t diffe rences. SDS-PAGE patterns of dansylated 
neut ral soluble proteins showed fluorescent bands at molecular 
weights of 125,000 a nd 12,000. The intensity of t he flu orescence 
relative to t he amount of stained protein band at t hat posit ion 
was similar for minoxidil -treated and cont rol cult ures. Scan-
ning of t he sta ined patterns wi t h a densitometer indicated t hat 
the bands were present in similar amounts in extracts of con trol 
and t reated cells . 
The percent of cells t hat were corni fied in con t rol and mi-
noxidil (70 llg/ml) -treated cult ures was very s imila r, as shown 
in T able II and t he values appeared to decrease with aging of 
the cultures. The value for sloughed cells varied between 7-
25% and was lowest for t he oldest cul tures. 
DISCUSSION 
These studies indicated t hat minoxidil has a rather charac-
teristic effect on cul tured epidermal cells. The opt imal t ime of 
passing keratinocytes is just prior to contluency but cells can 
be passed up to several weeks later . Minoxidil appears to 
a 
E M E+M 
~ 
\iJ 
c 
0 
FIG 3. a, Appearance of cultures that were passed after 2 weeks at 
confluence and then allowed to grow for only 1 week. C is control, E is 
EGF, M is minoxidil, and E + M has both EGF and minoxidil. In 
addit ion, some of the passed cultures were allowed to continue growing. 
All the cul tures grew to confluence with E + M the fastest, E and M 
next, and the control the slowest. b, Appearance of cul tures that were 
passed after 4 weeks at confluence and then allowed to grow for only 1 
week. In addi tion, some of the passed cul tures were allowed to continue 
growing. C did not grow further, E + M became almost confluent, and 
E and M reached about 50% confluence. 
T ABLE I. Protein in extracts of control an.d min.oxidil treated cu.ltu.res. 
Percent of Total Protein ± SE 
Neutral 
Buffer 
Citrate 
Buffer 
Control" 32 ± 3 28 ± 3 
Minoxidil" 39 ± 5 22 ± 2 
Control" 36 ± 4 24 ± 1 
Minoxidil" 31 ± 5 20 ± 2 
"Ten days after plating. 
b Eighteen days after plating. 
TU M 
Buffer 
38 ± 4 
37 ± 3 
40 ± 6 
48 ± 5 
Total Extractable 
P rotein per 35mm 
Dish (mg ± SE) 
0.76 ± .07 
0.72 ± .06 
1.42 ± .11 
1.35 ± .09 
TABLE II . The percent of cells in the culture that are cornified at 
different times after plating. The celL~ were confluent at 7 days. 
Time 
(days) 
18 
26 
76 
100 
Percent of Cells ± SE 
Control 
8.8 ± .7 
8.2 ± .8 
2.4 ± .3 
2.7 ± .2 
Minoxidil 
6.0 ± .7 
6.6 ± .5 
2.0 ± .1 
2.4 ± .3 
lengthen t he t ime period during which cells can be successfu lly 
passed. Examination of Fig 2 might suggest t hat t he greater 
rate of colony expansion in minoxidil -treated cul tu res was due 
to more rapid cell division. However, t here were some experi-
ments done shortly after contluency in which no diffe rence was 
observed between con trol and t reated cul tures. Furt hermore, 
as shown in Fig 2, growth was not sustained in some control 
cul t ures t hat showed early evidence of colony formatio n. A 
better explanation fo r our findings is t hat minoxidil has a n 
E GF -like action , as described by Rheinwald and Green [9], in 
t hat it delays senescence of cells. Indeed, in experiments in 
which minoxidil and EGF were compared, t he cell behaviors 
were identical. H owever, t he mechanism of action is likely to 
be di ffe rent since t he two drugs had an addit ive effect and we 
were working at t he opt imal concent ration of EGF. 
It has been suggested t hat fa ilure of cells to divide results 
from terminal different iation , which in vivo and in vitro occurs 
as cells t raverse t he various epidermal layers a nd is associated 
wit h formation of t he corni fied envelope, disulfi de cross-link ing 
of fi brous proteins and death [16,17 ). T hese were not reflected 
in t he biochemical changes t hat have been observed. T he per-
cent of cells t hat were cornified was not greater in our oldest 
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cultures, but rather was less. In addition, the percent of total 
extracted protein which needed a reducing agent for solubili -
zation was the same. Thus, the failure of further cell division 
in old cultures is not explainable simply as terminal differen-
t iation. Cells appear to lose their capacity for most cellular 
functions, including t he formation of products characteristic of 
the differentiated cell. The mechanism underlying this change 
is not known , but minoxidil seems to modify it. 
The increase in hair length produced by minoxidil may result 
in part from a prolongation of the anagen phase of the hair 
cycle. This could be viewed as a slowing of senescence of the 
matrix ce lls and a lengthening of the time during which cells 
can divide. Although the aging of cells in culture and the 
conversion of anagen to telogen hairs are different events, they 
both very likely are brought about by some type of metabolic 
signal. A possible mechanism for minoxidil action would be 
preventing release of such a signal or blocking the response to 
it. Furt her studies are necessary to determine which or whether 
eit her of these possibili t ies is correct. 
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Effects of Amino Acid Treatments on 12-0-Tetradecanoylphorbol-13-
acetate-Induced Ornithine Decarboxylase Activity in Mouse Epidermis 
In Vivo and In Vitro* 
JEAN -PIERRE PERCHELLET, PH .D.,t ELIZABETH A. C ONRAD, B.S., AND R. K. BOUTWELL, PH .D. 
McArdle Laboratory for Cancer Research, University of Wisconsin, Madison, Wisconsin, U.S. A. 
We have compared the effects of several amino acid 
treatments on the induction of ornithine decarboxylase 
activity and the accumulation of putrescine, spermidine, 
and spermine by 12-0-tetradecanoylphorbol-13-acetate 
(TP A) in mouse epidermis in vivo and in vitro. Incuba-
tion of isolated epidermal cells with mM concentrations 
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Abbreviat ions: 
cyclic AMP: adenosine cycl ic 3':5' -monophosphate 
DMBA: 7,12-dimethylbenz(a]anthracene 
Hepes: N-2 -hydroxyethylpiperazine-N ' -2-ethanesulfonic ac id 
ODC: L-ornithine carboxy-lyase, EC 4.1.1.17 
TPA: 12-0-tetradecanoylphorbol-13-acetate 
of glycine, asparagine, glutamic acid, canavanine, ar-
ginine, and/or lysine inhibited dramatically the induc-
tion of ornithine decarboxylase activity by the tumor 
promoter. These remarkable inhibitory effects were 
concentration-dependent and additive. Arginine and its 
analog, canavanine, inhibited to the same degree TP A-
induced ornithine decarboxylase activity, and poten-
tiated to the same extent the inhibitory effects of glu-
tamic acid, asparagine, and glycine on this enzyme. 
However, the inhibitory effects of arginine and cana-
vanine were not additive. Similar alterations of tumor 
promoter-induced epidermal ornithine decarboxylase 
activity were observed in vivo when 62.5 JLmol of the 
amino acids were injected i.p. 2 h before the topical 
application of 8.5 nmol of TP A to mouse skin. The 
results suggest the possibility that treatments with gly-
cine, asparagine, glutamic acid, and arginine, the amino 
acids that were the most effective in inhibiting the tumor 
promoter-induced accumulation of polyamines in vivo, 
may reduce the tumor-promoting ability of TPA. 
The inhibitory effect of am ino acid imbalance (as opposed to 
